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Block diagram of the V-2 missile control 


system 


V-2 missile control system 


The V-2 missile control system consists of three main devices: a gyrohorizontal, a gyrovertican, and an axial 
overload integrator. The executive bodies are steering cars and gas steering wheels. 


Gyrohorizont 


The gyrohorizont is designed to stabilize the rocket along the pitch 
angle. He also sets the missile pitch angle change program. The gyroscope 
of this device is placed in a gimbal so that the axis of the rotor is horizontal 
and lies in the plane of fire. The gyro rotor is the anchor of the electric 
motor and spins a few minutes before the start. 


After the start, if the axis deviates from the vertical, the axis of the 
gyroscope will remain stationary and a mismatch signal will appear on the 
potentiometer, which, after conversion and amplification, acts on the 
steering machine. which will deflect the rudders and return the rocket to its 
original position. Immediately after the start, the program mechanism is 
turned on, which consists of a stepper motor, an eccentric (which, in fact, 
sets the program), a belt and a pulley. A stepper motor rotates an eccentric, 
the profile of which corresponds to a given pitch change program, and he, 
in turn, rotates a potentiometer. As a result of the rotation of the 
potentiometer, a mismatch signal appears, which acts on the rudders of the 
rocket and rotates the rocket at a given angle. This ensures the achievement 
of a given throw angle. 


Gyroverticant 


The gyroverticant provides stabilization on the course and roll. The rotor axis is perpendicular to the firing 
plane. Therefore, the gyroscope is insensitive to changes in the pitch angle of the rocket. but reacts to turns and 
course deviations. The signals from the gyrovertican are removed from two potentiometers that act on the 
rudders 1 and 2. Before starting, the rocket is set so that the plane of the rudders 1 and 2 coincides with the 
firing plane. 


In addition to these two devices, some V-2 missiles were equipped with a lateral radio correction system for the 
position of the firing plane. The lateral radio correction system keeps the rocket in an equal signal area, which 
reduces the likelihood of lateral rocket drift. This system was not always used, mainly due to the complexity of 
the entire system and exposure to radio interference. 


Axial Overload Integrator 


The axial overload integrator is the third device in the control system. In the V-2 rocket, two types of integrators 
were used - gyroscopic and electrolytic. 


Gyroscopic axial overload integrator 


The gyroscopic integrator of axial overloads consists of a gyroscope, whose rotor is suspended in a special 
bracket. Before starting, the rotor axis is set perpendicular to the longitudinal axis of the rocket. At the time of 
launch, the bracket is released and a moment begins to act on it, which arises from the action of gravity and 
acceleration of the rocket. Under the influence of this moment, the gyroscope begins to precess (rotate) around 
the vertical axis. The number of revolutions of the external bracket of the integrator is proportional to the speed 
gained by the rocket. After a given number of revolutions of the outer bracket, the cam on the disk gives a 
signal to transfer the engine to eight-ton draft. This allows you to more accurately capture the moment the 
engine is turned off after a set speed has been set and to avoid hydraulic shocks in the rocket fuel system. Once 
the required speed is reached, the second cam will signal to stop the engine. This type of integrator allowed to 
direct a missile with an error of 4 km at a distance of 300 km. 


Axial Overload Electrolytic Integrator 


The electrolytic integrator of axial overloads was used in the later Fau-2 missile series. 
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The electrolytic integrator of axial overloads consisted of two main parts: 
1. a device for producing direct current in proportion to acceleration; 
2. an electrolytic cell for integrating the current thus obtained. 
The first device consisted of a magnetoelectric device with a permanent magnet and a pendulum attached to the 
coil. This pendulum is set so that it sways under straight ulami to the axis of the rocket, and in this position it is 
held against the acceleration force by the rotating opposing moment created by the coil. 
The current in the coil was precisely controlled and was proportional to the acceleration; To integrate the 
current, an electrolytic cell with two silver electrodes was used, one of which was coated with a thick layer of 
silver chloride. This electrolytic cell was prepared for operation by imparting a negative charge to the coated 
electrode and passing a current corresponding to the acceleration unit through it for a known period of time, 
which caused the transition of a certain amount of silver chloride to an uncoated electrode. Then the poles were 
switched, and the element was ready for action. 
During the flight, the recently deposited silver passed back to the electrode with a thick coating, and the 
completion of this operation was marked by an increase in the electromotive force of the order of 1 V, which 
activated the mechanism that stops the fuel supply. Deviation from the target when using an electrolytic cell was 
considered equal to 1.6-2 km. 


It should be noted that the control system concept developed by German experts for a long time remained 
unchanged on all Soviet and American missiles, including the world's first intercontinental ballistic missile R-7. 


Radio control devices for the V-2 rocket 


Initially, it was proposed to use a radio engineering device based on the Doppler effect to determine rocket 
speed. But it was abandoned due to poor noise immunity. 


Experiments with radio-controlled missiles have been conducted in Germany since 1933. By 1939, radio 
telemetry tools for remote control were developed, and in 1941 they were first used on a V-2 rocket. 
Radio control was necessary to measure the speed of the rocket, to transmit commands to turn off the rocket 
engine, to determine where the rocket fell and to control the flight of the rocket in the direction. A separate radio 
line (radiotropic) was intended for each radio control function, and all of them were developed in separate 
parts. Therefore, the equipment was bulky and expensive. 
Since 1944, Fau-2 rockets began to use equipment developed by the integrated method: by combining 
radiotropes previously intended for separate functions. New integrated systems were created: Hawaii 2, Circus, 
Evator. In the first modifications of the radio control of the V-2 rocket, equipment operating on the ultra-short- 
wave range was used. Such equipment was very susceptible to interference, especially since for a long time no 
special measures were taken to increase the noise immunity. At that time, German experts assumed that when 
conducting group firing of missiles whose radio control works at different wavelengths, it is very unlikely to 
interfere with and intercept missiles. 


In the first radio telemetry control systems, the equal-signal zone method was used. That is, the rocket must 
move along a strictly defined path defined by the radio device. In case of deviation from this path, the receiving 
device on the rocket receives the corresponding signal, processes it in the receiver and in the Misgeret mixing 
device, from where it enters the steering cars, which use the gas rudders to return the rocket to the desired 
position on the given flight path. 
The equal-signal zone is defined by the operation of the Hawaii 1V-Victoria radio navigation line. The ground- 
based transmitter "Hawaii 1B" operated on VHF in the range of 5.8 - 6.8 m. The radiation pattern was directed 
with some offset from the "axis" of the flight path (0.7 degrees) in both directions alternately (50 times per 
second). The Hawaii 1B transmitter was powered by two antennas spaced 35 wavelengths (300 m) apart. 


The axis of the equal-signal zone should not have been shifted more than 0.005 degrees. An alternating current 
source N = 15 kW fed the Haze transmitter, which provided an equal-signal zone. Then, the high-frequency 
energy was transmitted through the “Cabine” device, where the power and running coefficient were measured, 
to the Pfad phase handling device and to the antenna. On board the rocket for receiving the equal-signal zone 
there was a Victoria receiver and Mishget converters (Das Mischgerät - German: electronic analog computing 
device), etc. 
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To turn off the rocket engine and to measure speed on the ground, a Naples transmitter and a Saleris receiver 
were placed. On board the rocket, respectively, were Palermo or Haze transmitters, a Heide modulator used to 
generate a fuel cut-off command, a Hazum camouflage device and an Ortler-Transmitter (Das Ortler-Gerät - 
German - special transceiver for duplication of frequencies of radio control of a rocket) - for measuring speed. 


The Hase transmitter antenna provided a narrow radiation pattern in the horizontal plane and a wide solution in 
the vertical. This allowed the enemy to detect the work of "Haze" and create interference. Therefore, German 
experts designed and created the installation "Hawaii -2", which instead of creating an equal-signal zone in the 
plane in the direction of flight of the rocket, a leading beam was created, which also represents an equal-signal 
zone. Detecting such a beam was very difficult. In the Hawaii-2 system, an equal-signal zone was created by 
shorter waves, first 50 cm, and then 20 cm. To obtain a narrow driving beam in the parabolic mirror of the 
antenna device, the measuring dipole was placed outside the axis of the reflector. During rotation of the dipole 
around the axis of the reflector, a cone-shaped radiation pattern was formed with an equal-signal zone, 
It was considered sufficient accuracy to hit missiles with radio-mechanical control at a range of 250 km equal to 
± 300 m in azimuth. But usually this accuracy with the V-2 missile was not achieved. 


Radio telemetry of the V-2 rocket 


The German designers did not immediately come to the need to create and use radio telemetry. Tests of a 
specially designed experimental prototype of the V-2 rocket, known as the A-3 rocket, were started in 1937 
without the use of radio telemetry. They tried to find out the causes of the accidents by the rocket fragments 
found on the ground. Later, German engineers came up with information about the state of the rocket in flight, 
according to the records of the rescued single-channel controlled data recorders on a narrow paper tape of the 
recorder. 
To ensure research on ballistics and accuracy of firing V-2 rockets, the development of special airborne and 
ground-based radio equipment was required. For this purpose, a 4-channel telemetry system "Messina-1" was 
created. With the help of Messina-1, the following rocket performance in flight was recorded on the ground 
receiver’s tape: deviation of gas rudders, pressure in the combustion chamber, pressure of oxygen and alcohol 
supply, steam pressure at the turbine inlet, engine start time. But this system was so unreliable that Werner von 
Braun once stated that it would be more efficient to follow a rocket with binoculars. 


This system had the following parameters: 


included four measuring channels 
had a frequency division of channels 
had a sampling rate of one channel - 2 kHz 
recorded by ground equipment on a photographic tape 


(Polenov D. Yu. The evolution of telemetry in rocket technology // Young scientist. - 2014. - No. 6. - S. 216- 
218.) 


